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Motivation
International trade is costly. While tariff-type trade restrictions tend to play a diminishing role only today, other barriers to trade still matter. Hornok and Koren (2015a) argue that some of these trade costs are not proportional to the value of the transaction. Hence, the assumption of iceberg-type trade costs used in most models of international trade is not appropriate here. There are fixed costs that come with every shipment across borders. These costs include paper work (filling in customs declarations and other forms) and the time and monetary costs related to having the cargo inspected. These fixed costs lead to a trade-off between per-shipment trade costs and shipping frequency. On the one hand, firms engaged in international trade would like to economize on these per-shipment costs by sending fewer and larger shipments. On the other hand, this comes at a cost due to time-lags related to waiting to fill a larger shipment and because of the need to keep costly inventories between shipment arrivals. At the firm level, shipping frequency can be considered as an additional margin of trade besides the intensive margin (the volume of trade) and the extensive margins made of the number of goods traded and the number of countries traded with (see Békés et al. 2011) .
That said, per-shipment costs may make it optimal for traders to engage in cross-border transactions infrequently. If this is the case, trade flows at the microeconomic level -imports by one firm of one good from one country of origin, or exports by one firm of one good to one country of destination -are lumpy. Empirical evidence on the lumpiness of international trade has been reported in a small number of studies. Alessandria et al. (2010) use monthly data on the universe of US exports for goods in narrowly defined categories to six destination countries from January 1990 to April 2005 and find that goods are traded infrequently over the course of a year. Exports are lumpy, trade is highly concentrated in a few months. Békés et al. (2015a) explore transaction level data for exports from France in 2007 at the firm-product-destination level and approximate the number of shipments by the number of months within a year in which a transaction is recorded for a given firmproduct-destination. A large number of firms ship their products only in a few months.
The authors report a high degree of lumpiness in exports -almost 45 percent of firms ship a given product to a given destination only once a year to EU markets and more that 60 percent do so to extra-EU markets. Hornok and Koren (2015a) examine disaggregated data on exports of the United States and Spain in 2009 and look at the lumpiness of trade transactions by documenting how frequently the same good is exported to the same destination country within a year. Trade transactions for a given product to a given destination show strong signs of lumpiness. Kropf and Sauré (2014) look at transaction level data for Swiss exports from 2007, a subset of which contains a firm identifier so that export data are at the firm-product-destination level.
Exports are lumpy; the mean value of shipments per year is 3.5. Hornok and Koren (2015a) investigate how the frequency and the size of shipments vary with the level of per-shipment costs. They estimate a number of gravity-like regressions (that include variables for GDP and GDP per capita of destination countries, and distance to destination countries of exports, among others, as control variables) for exports of the US and Spain at the product-country level and find that the number of shipments decrease ceteris paribus when the time costs or the monetary costs per shipment increase.
Up to now, we have no evidence on the degree of lumpiness of international trade in goods by German firms and its relation to per-shipment costs. Given that Germany is one of the leading actors on the world market for goods (according to the WTO's World Trade Report, it was number three in both exports and imports in 2013; see World Trade Organization (2014), p. 34), empirical evidence here is interesting in itself. This paper contributes to the literature by providing such evidence based on transaction data for complete German exports and imports at the firm-good-country level for the years 2009 to 2012.
To anticipate the most import results I document that imports and exports show a high degree of lumpiness. In a given year about half of all firm-good-country combinations are recorded only once or twice for trade with EU-countries, and this is the case for more than 60 percent of all firm-good-country combinations in trade with non-EU countries. Empirical models show that the frequency of transactions at the firm-good-country level tends to decrease with an increase in per-shipment costs when unobserved firm and goods characteristics are controlled for.
The rest of the paper is organized as follows. Section 2 introduces the data used and discusses measurement issues. Section 3 reports descriptive results for the lumpiness of German exports and imports of goods. Section 4 presents results from regressions of the number of shipments on per-shipment costs. Section 5 concludes.
Data and measurement issues
The empirical investigation uses a tailor-made data set that combines high quality transaction level data on Germany's exports and imports of goods from official statistics with data on per-shipment costs in international trade plus other information for characteristics of the countries traded with.
In Germany information on goods 1 traded across borders and on the countries traded with is available from the statistic on foreign trade (Außenhandelsstatistik). This statistic is based on two sources. One source is the reports by German firms on transactions with firms from countries that are members of the European Union (EU); these reports are used to compile the so-called Intrahandelsstatistik on intra-EU trade. The other source is transaction-level data collected by the customs on trade with countries outside the EU (the so-called Extrahandelsstatistik). 2 The raw data that are used to build the statistic on foreign trade are transaction level data, i.e. they relate to one transaction of a German firm with a firm located outside Germany at a time. Published data from this statistic report exports and imports aggregated at the level of goods traded and by country of origin.
The data used in this paper are based on the raw data at the transaction level. The record of the transaction usually includes a firm identifier (tax registration number) of the trading German firm. 4 Using this identifier information at the transaction level can be aggregated at the level of the trading firm. These data show which firm trades how much of which good with firms from which country in a given month. Products are distinguished according to very detailed classifications. In the data used for this paper, the Harmonized System at 6-digit level (HS6) is used as the product classification system.
For the reporting years 2009 to 2012 the transaction level data at the monthfirm-product-country level were used to compute a proxy-variable for the frequency of export or import transactions by one firm for one HS6-good and one country in a year. This proxy-variable is given by the number of months in a year in which transactions of this firm-good-country combination are recorded. Note that within a month all exports or imports of a specific HS6-good to a specific country by a firm are aggregated and reported as one data point only. Therefore, the proxy for trade frequency used here may be biased for high frequency traders which trade the same good with the same country in (nearly) every month several times. For low frequency traders, however, the number of months with recorded transactions is a reliable approximation (see the discussion in Békés et al. 2015) .
The transaction level data at the firm-good-country level were matched to country-specific information that is taken from two sources. (Mayer and Zignago 2011) . The "distw" -measure is used that calculates the distance between two countries based on bilateral distances between the biggest cities of those two countries, those inter-city distances being weighted by the share of the city in the overall country's population (see Mayer and Zignago (2011, p. 11 ) for details).
The empirical models that link the number of international trade transactions at the firm-good-country level to per-shipment costs of trade include two control variables that are standard in gravity models of trade, namely Gross National Income and per capita Gross National Income (see Hornok and Koren (2015a) for a similar approach). Gross National Income per capita (measured in current US-Dollar) is taken from the Doing Business database directly, Gross National Income is 5 Data from the World Bank's Doing Business database have been used in the literature on the lumpiness of international trade before; see Alessandria et al. (2010) and Koren (2015a, 2015b 
The lumpiness of German exports and imports: Descriptive evidence
The degree of lumpiness of trade is measured by the number of import or export transactions at the firm-product-country level. In the German trade data used here trade frequency is measured by the number of months in a year in which transactions of this firm-good-country combination are recorded. Note that within a month all exports or imports of a specific HS6-good to or from a specific country by one single firm are aggregated and reported as one data point only. Therefore, the proxy for trade frequency used here may be biased for high frequency traders which trade the same good with the same country in (nearly) every month several times. For low frequency traders, however, the number of months with recorded transactions is a reliable approximation (see the discussion in Békés et al. 2015) . 6 Note that information whether a country is landlocked or not (that is available from CEPII's GeoDist database described in Mayer and Zignago (2011) and that has been used in the literature on the lumpiness of trade) is not used here because this country characteristic is closely related to the time and monetary costs of exports and imports.
That said, information on the lumpiness of German trade in goods is reported in This is in accordance with the presence of per-shipment fixed costs that provide an incentive for importers in engage in cross-border transactions infrequently. However, there is a remarkable increase in the frequency of the number of transactions when it comes to twelve transactions per year. This might be due to the fact (mentioned above) that within a month all imports of a specific HS6-good from a specific country by one single firm are aggregated and reported as one data point only. Therefore, the proxy for trade frequency used here may be biased for high frequency traders which trade the same good with the same country in (nearly) every month several times.
[ Table 1 near here] Table 2 and Table 3 reported for the EU as a whole, or for all non-EU countries, in Table 1 . Appendix [ Table 2 and Table 3 near here] Table 4 illustrates that the degree of lumpiness of imports differs between goods (classified by section at the HS2 level) when EU membership is controlled for.
For example, live animals and animal products (HS2-section 1) have the lowest degree of lumpiness in imports for both EU-members and non-members. This does not come as a surprise -it is obvious that an importer will only rarely trade all the beef he intends to import over the year from Poland or Brazil in one deal. Other figures in the table are more difficult to understand -for example, why is the extra-EU trade with "Pulp, paper, paperboard and articles thereof" (HS2-section 10) so lumpy?
Is this due to trade costs related to the countries of origin? This will be investigated empirically in the next section of the paper. But before this, we will look at exports.
[ Table 4 near here] Table 5 shows that the big picture for exports is very much the same as the one for imports (documented in Table 1 ) -exports are lumpy, the degree of lumpiness is much larger for trade with non-EU countries than for trade with EUcountries, and there is a remarkable increase in the frequency of the number of transactions when it comes to twelve transactions per year. Compared to imports, exports tend to be less lumpy, but the difference is small.
[ Table 5 near here] Table 6 and Table 7 report more detailed information by looking at four of the most important destination countries for German exports of goods, namely the Netherlands and France from the EU, and the US and China from outside the EU.
The big picture is highly similar if results for these countries are compared to results reported for the EU as a whole, or for all non-EU countries, in Table 5 . Appendix Table 2 reports the average number of export transactions per year by firm-gooddestination country for destination countries with more than 5,000 recorded export transactions in 2012. The degree of lumpiness varies widely over the countries.
Within the EU, the average number of transactions is 5.29 for Austria and 2.85 for Malta. Outside the EU, imports from the Syria (1.67), Ethiopia (1.71) and Libya (1.78)
show a high degree of lumpiness compared to countries like the United States (3.84)
or Switzerland (3.90). Like in the case of imports the role of EU membership is nicely illustrated by comparing the neighbor countries Austria (5.29) and Switzerland (3.90),
or Sweden (4.60) and Norway (3.53).
[ Table 6 and Table 7 near here] Table 8 illustrates that the degree of lumpiness of exports differs between goods (classified by section at the HS2 level) when EU membership is controlled for.
Similar to the case of imports discussed above, some of these differences are easily explained by the characteristics of the goods traded (e.g., the low degree of lumpiness in exports of "Live animals; animal products" -HS2-section 1 -and in exports of "Prepared foodstuffs; beverages; tobacco" -HS2-section 4) while others are not (e.g., the high degree of lumpiness in exports of "Footwear, headgear, umbrellas" -HS2-section 12-in trade with non-EU members).
[ Table 8 near here]
The big picture on the lumpiness of trade reported for Germany is in line with the empirical evidence (summarized in section 1 above) for exports from the U.S.,
France, Spain and Switzerland. The role of differences in trade costs between the destination countries of exports or the countries of origin of imports for an explanation of differences in the degree of lumpiness of exports or imports will be investigated in the next section.
Per-shipment costs and the lumpiness of German exports and imports: Econometric results
One empirical fact documented in section 3 is the large difference in the degree of lumpiness of imports and of exports in trade with EU-members on the one hand and with non-EU countries on the other hand. This might be due to the much lower per-shipment costs in trade with EU-countries, because there are no costs related to customs' procedures in intra-EU trade. However, this might be due to different concepts used to record the trade with EU-countries and non-EU countries (see footnote 2), too. Given that information on per-shipment costs (detailed below) is relevant for extra-EU trade only we will focus on trade with countries outside the EU for the rest of this section.
Empirical strategy
Information on two indicators of per-shipment trade costs is taken from the World include the time to export (for imports to Germany) or the time to import (for exports from Germany), Model 2, Model 4 and Model 6 include the costs of exports (for imports to Germany) or the costs of imports (for exports from Germany). Note that both indicators of per-shipment costs of trade are highly positively correlated with a correlation coefficient of +0.79 for export costs and +0.77 for import costs; therefore, the two indicators are included in the empirical models alternatively.
All models include the distance to the country of origin (for imports to Germany)
or the distance to the destination country (for exports from Germany). Distance is closely related to the time necessary to transport a good from the country of origin or to the country of destination, and to the costs of transport. For the countries included in the empirical investigation distance is negatively correlated with the time and cost indicators, but the correlation is small (-0.17 for time to export and -0.18 for time to import; -0.24 for cost to export or import).
Furthermore, all models include two standard variables from gravity models of trade, Gross National Income and per capital Gross National Income, as control variables.
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The indicators for trade costs and the control variables are included in Model 1
and Model 2 (where Model 1 includes the time to trade, and Model 2 includes the costs of trade from the Doing Business Database detailed above). All these variables are constant for a given country of destination (for exports) or origin (for imports).
Descriptive evidence reported in Table 3 and Table 7 (for import and This illustrates that for some firms trading some goods with a specific country the same measured trade costs lead to a high degree of lumpiness in trade, and for others they lead to a low degree of lumpiness. This might be caused by differences between firms with respect to productivity, size, or other characteristics.
Unfortunately, the data available have no information on the trading German firm Descriptive evidence reported in Table 4 (for imports) and Table 8 
Imports
Results for the empirical models for the lumpiness of imports are reported in Table   9 . 10 The big picture is identical when all variables enter the empirical models in levels; details are available on request.
11 Note that all p-values are based on estimated standard errors that are clustered at the level of the firm.
[ Table 9 near here]
Regarding the estimated size of the elasticities of the number of transactions with respect to trade costs, from Model 6 we see that a one hundred percent increase in the cost of export in the country of origin leads to a reduction in the number of import transactions by 15.3 percent. Doubling the distance between Germany and the country of origin reduces the number of transactions by 11 percent according to Model 5 and by 14.5 percent according to Model 6. As is documented in Appendix Table 3 trade costs vary considerably between the countries of origin; therefore, the estimated elasticities can be considered to be significant from an economic point of view (and not only from a statistical point of view), too.
It was pointed out in section 3 that within a month all imports of a specific HS6-good from a specific country by one single firm are aggregated and reported as one data point only. Therefore, the proxy for trade frequency used here may be biased for high frequency traders which trade the same good with the same country in (nearly) every month several times. The large increase in the frequency of the number of import transactions per year from 11 to 12 reported in Table 1 to Table 3 illustrates this. As a robustness check, therefore, all empirical models were estimated using a restricted sample that excludes cases with a calculated number of 12 transactions (see the discussion in Békés et al. 2015) . The big picture from this robustness check is identical to the one reported in Table 9 ; details are available on request.
Exports
Results for the empirical models for the lumpiness of exports are reported in Table   10 . From Model 5 and 6, which are again the preferred models because the unobserved characteristics of both firms and goods are controlled for, we see that all three indicators of trade costs are negatively related to the number of transaction per year at the firm-good-country level. These results are in line with the expectations regarding the link between per-shipment costs and the degree of the lumpiness of trade, and this holds in the other models (without fixed effects, and with firm fixedeffects only), too.
[ Table 10 near here]
Regarding the estimated size of the elasticities of the number of transactions with respect to trade costs, from Model 5 we see that a one hundred percent increase in the time to import in the country of destination leads to a reduction in the number of import transactions by 6.7 percent. According to Model 6, doubling the costs of imports in the destination country reduces the number of export transactions by 2.4
percent. This estimated elasticity is considerable smaller than the value for import transactions. Doubling the distance between Germany and the destination country reduces the number of transactions by ca. 18 percent according to Model 5 and Model 6. As is documented in Appendix Table 3 trade costs vary considerably between the countries of destination; therefore, the estimated elasticities can be considered to be significant from an economic point of view (and not only from a statistical point of view), too.
Like in the case of import transactions, as a robustness check all empirical models were estimated using a restricted sample that excludes cases with a calculated number of 12 transactions. Again, the big picture from this robustness check is identical to the one reported in Table 10 ; details are available on request.
Concluding remarks
This paper looks at a hitherto neglected extensive margin of international trade by investigating for the first time the frequency at which German exporters and importers trade a given good with a given country over a year. Imports and exports show a high degree of lumpiness. In a given year about half of all firm-good-country combinations are recorded only once or twice for trade with EU-countries, and this is the case for more than 60 percent of all firm-good-country combinations in trade with non-EU countries. These findings for Germany are in line with the big picture from empirical studies for firms from the US, France, Spain and Switzerland.
The frequency of recorded transactions tends to decline with an increase in the number of transactions per year. This is in accordance with the presence of pershipment fixed costs that provide an incentive for trading firms to engage in crossborder transactions infrequently. Empirical models show that for Germany the frequency of transactions at the firm-good-country level tends to decrease with an increase in per-shipment costs when unobserved firm and goods characteristics are controlled for. This is in line with results reported by Hornok and Koren (2015a) for exports of the US and Spain at the product-country level (without control for the exporting firms).
That said, a reduction of per-shipment costs can be expected to lead to a decrease in the degree of lumpiness of trade and to a reduction of costly inventories.
This will foster international trade by pushing a hitherto neglected extensive margin of international trade of firms -the number of transactions at the firm-good-country level. 
----------------------------------------------------------------------------------------------------------------------------------------
Average number of transactions 4.168 2.783 _________________________________________________________________________________ Note: Number of transactions refers to months with recorded import transactions at the firm-productcountry of origin level; goods refer to categories at the HS6 level. 
Average number of transactions 4.273 4.284 _________________________________________________________________________________ Note: Number of transactions refers to months with recorded import transactions at the firm-productcountry of origin level; goods refer to categories at the HS6 level. 
Average number of transactions 2.724 2.991 _________________________________________________________________________________ Note: Number of transactions refers to months with recorded import transactions at the firm-productcountry of origin level; goods refer to categories at the HS6 level. 
Average number 4,569 3.136 of transactions _________________________________________________________________________________ Note: Number of transactions refers to months with recorded export transactions at the firm-productdestination country level; goods refer to categories at the HS6 level. 
Average number of transactions 4.984 5,169 _________________________________________________________________________________ Note: Number of transactions refers to months with recorded export transactions at the firm-productdestination country level; goods refer to categories at the HS6 level. 
Average number of transactions 3.839 3.518 _________________________________________________________________________________ Note: Number of transactions refers to months with recorded export transactions at the firm-productdestination country level; goods refer to categories at the HS6 level. ,388,205 3,388,205 3,388,205 3,388,205 3,388,205 3,388,205 ________________________________________________________________________________________________________________________________ Note: For a definition of exogenous variables see text. ß is the estimated regression coefficient, p is the prob-value of this estimate (based on estimated standard errors that are clustered at the level of the firm).
Appendix 
Assumptions about the business
The business:
• Has at least 60 employees.
• Is located in the economy's largest business city.
• Is a private, limited liability company. It does not operate in an export processing zone or an industrial estate with special export or import privileges.
• Is domestically owned with no foreign ownership.
• Exports more than 10% of its sales.
Assumptions about the traded goods
The traded product travels in a dry-cargo, 20-foot, full container load. It weighs 10 tons and is valued at $20,000. The product:
• Is not hazardous nor does it include military items.
• Does not require refrigeration or any other special environment.
• Does not require any special phytosanitary or environmental safety standards other than accepted international standards.
• Is one of the economy's leading export or import products.
Documents
All documents required per shipment to export and import the goods are recorded.
It is assumed that the contract has already been agreed upon and signed by both parties. Documents required for clearance by government ministries, customs authorities, port and container terminal authorities, health and technical control agencies, and banks are taken into account. Since payment is by letter of credit, all documents required by banks for the issuance or securing of a letter of credit are also taken into account.
Documents that are renewed annually and that do not require renewal per shipment (for example, an annual tax clearance certificate) are not included.
Time
The time for exporting and importing is recorded in calendar days. The time calculation for a procedure starts from the moment it is initiated and runs until it is completed. If a procedure can be accelerated for an additional cost and is available to all trading companies, the fastest legal procedure is chosen.
Fast-track procedures applying to firms located in an export processing zone are not taken into account because they are not available to all trading companies. Ocean transport time is not included.
It is assumed that neither the exporter nor the importer wastes time and that each commits to completing each remaining procedure without delay. Procedures that can be completed in parallel are measured as simultaneous. The waiting time between procedures-for example, during unloading of the cargo-is included in the measure.
Cost
Cost measures the fees levied on a 20-foot container in U.S. dollars. All the fees associated with completing the procedures to export or import the goods are included. These include costs for documents, administrative fees for customs clearance and technical control, customs broker fees, terminal handling charges and inland transport. The cost does not include customs tariff s and duties or costs related to ocean transport. Only official costs are recorded.
